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The title dinuclear titanocene, [Ti 2 (C 8 H 9 0)(C 18 H 25 Si) 2 Cl 3 0], 
contains one Ti atom tetrahedrally coordinated by two CI 
atoms, a bridging O atom and the substituted cyclopentadienyl 
ligand, and another Ti atom tetrahedrally coordinated by a CI 
atom, a bridging O atom, the 2,6-dimethylphenolate ligand 
and the substituted cyclopentadienyl ligand. The bridging O 
atom lies on a twofold rotation axis. 



Experimental 

Crystal data 

[Ti 2 (C 8 H 9 0)(C 18 H 25 Si) 2 Cl 3 0] 

M, = 878.24 

Triclinic, PI 

a = 11.405 (2) A 

b = 12.949 (3) A 

c = 18.132 (4) A 

a = 104.19 (3)° 

P = 101.13 (3)° 

Data collection 

Bruker P4 diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 
T min = 0.882, r„,., v = 0.925 



Refinement 

R[F 2 > 2a(F 2 )] = 0.057 
wR(F 2 ) = 0.188 
S = 1.05 

10372 reflections 
494 parameters 



Y = 108.96 (3)° 

V = 2344.2 (8) A 3 
Z = 2 

Mo Ka radiation 
li = 0.60 mm -1 
T = 293 K 

0.21 x 0.18 x 0.13 mm 



22084 measured reflections 
10372 independent reflections 
6422 reflections with / > 2a(l) 
R in , = 0.039 



6 restraints 

H-atom parameters constrained 
Ap max = 0.35 e A~ 3 
Apmh>= -0.39 e A~ 3 



Data collection: XSCANS (Bruker, 1998); cell refinement: 
XSCANS; data reduction: XSCANS; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

We thank the National Natural Science Foundation of 
China (grant Nos. 21004026 and 21074043). 



Related literature 

For background to titanocene complexes, see: Bochmann 
(2010); Lee et al. (2001); Wu et al. (2006). For potential 
applications in olefin polymerization, see: Blais et al. (1998); 
Wilson et al. (2008). For Ti— O— Ti angles in related struc- 
tures, see: Ciruelous et al. (1993); Varkey et al. (2001). For the 
preparation, see: Wu et al. (2007, 2010). 




Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: QM2025). 
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Trichlorido-lft^a,2KCH2,6-dimethy^ 
[4-(trimethylsilyl)phenyl] cyclopentadienyl} dititanium(IV) 

X. Luo, Q. Wu and Y. Mu 
Comment 

Group 4 metallocene complexes with desirable steric and electronic properties have been of considerable interest in recent 
years, due to the potential applications in olefin polymerization. The most used strategy for improving catalyst performance 
is modification of the ligand framework by rational tailoring of steric and electronic factors. (Blais, et ah, 1998; Wilson, et 
ah, 2008) In our previous work, we have reported a series of monocyclopentadienyl titanium complexes and some of their 
hydrolysis products (Wu et ah, 2006, 2007, 2010). It is of significance to clarify the struture of the hydrolysis products. 
Therefore, we report herein the crystal structure of the title compound (I)(shown in Fig. 1). 

The title compound shows a bimetallic moiety with two cyclopentadienyltitanium units linked by Ti — O bonding. The 
bridging O atom lies on a crystallographic twofold axis. The title titanocene features tetrahedral coordination geometry 
around the titanium atom, formed by a substituted cyclopentadienyl ring, two chloride atoms (a chloride atom and a phenolate 
O atom) and an oxygen atom (oxo-bridge). The average C — C distance of Cp rings (1.417 (5) and 1.423 (4) A for CI — C5 
and C27 — C31, respectively) is somewhat longer than the average values in substituted phenyl groups (1.387 (5) A for 
both C10— C15 and C36— C41). The Ti— O— Ti angle of 157.0 ° falls within the range of observed values (154-180 °) 
in titanocene analogues, indicative of resulting from different pi back-bonding affected by intramolecular steric effects 
(Varkey et ah, 2001; Ciruelous et ah, 1993) The dihedral angles between the Cp rings and the adjacent phenyl rings are 
51.3 ° (CI— C5 and C10— C15), 57.2 ° (C27— C3 1 and C36— C4 Irrespectively, which is related to the steric crowding of 
substituted Cp ring through steric and electronic effects of aromatic substituents attached to the Cp ring. The two Cp rings 
are nearly parallel, with a dihedral angle of 4.2 °. 

Experimental 

Compound (I) was prepared as described in the litererature (Wu et ah , 2007, 20 10) with { 1 -(4-trimethylsilylphenyl)-2, 3,4,5- 
tetramethyl- cyclopentadienyl} titanium(IV) trichloride and 2,6-dimethylphenol as starting material. Crystals suitable for 
X-ray analysis were obtained by recrystallization from a mixture of dichloromethane and n-hexane (1:5 v/v) at room tem- 
perature. 

Refinement 

The C-bound H atoms were positioned geometrically with C — H = 0.93 and 0.96 A, for aromatic and methyl H-atoms, 
respectively, and allowed to ride on their parent atoms in the riding model approximation with {/i S0 (H) = 1.2 t/ e q(Q for 
aromatic H-atoms or 1.5 £/ e q(Q for methyl H-atoms. 
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Figures 




Fig. 1. View of the molecule of (I) showing the atom labelling scheme. Displacement ellips- 
oids are drawn at the 30% probability level. The hydrogen atoms are omitted for clarity. 



Trichlorido-lK 2 C/,2KC/-(2,6-dimethylphenolato-2KO)- u-oxido-bis{1,2(ti 5 )-2,3,4,5-tetramethyl-1-[4- 
(trimethylsilyl)phenyl]cyclopentadienyl}dititanium(IV) 



Crystal data 

[Ti 2 (C 8 H 9 0)(C 18 H 25 Si) 2 Cl 3 0] 

M r = 878.24 

Triclinic, PI 

Hall symbol: -P 1 

a = 11.405 (2) A 

b = 12.949 (3) A 

c = 18.132(4) A 

a= 104.19 (3)° 

(3= 101.13 (3)° 

y= 108.96 (3)° 

V= 2344.2 (8) A 3 



Z=2 

P(000) = 924 

D x = 1.244 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 15652 reflections 

9 = 3.0-27.4° 

H = 0.60 mm 1 
7=293 K 
Block, red 

0.21 x 0.18 x 0.13 mm 



Data collection 

Bruker P4 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 
J min = 0.882, J max = 0.925 
22084 measured reflections 



10372 independent reflections 

6422 reflections with / > 2o(I) 
i? int = 0.039 

^max — 27.5 , 0 m j n — 3.1 

h = -14— >14 

£ = -15^16 
/ = -23->23 



Refinement 

Refinement on F 

Least-squares matrix: full 

R[F 2 > 2a{F 2 )} = 0.057 

wR(F 2 ) = 0.188 
S= 1.05 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (P 0 2 ) + (0.1012P) 2 + 0.0969P] 
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10372 reflections 
494 parameters 
6 restraints 



where P = (F 0 2 + 2F c 2 )/3 
(A/o) max = 0.003 

Apmax = 0.35 e A~ 3 
Ap mi „ = -0.39eA" 3 



Special details 
Experimental, see experiment 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 

Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, if- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 




Til 


0.05505 (6) 


0.33102 (5) 


0.23000 (4) 


0.04577 (18) 


Ti2 


-0.09126 (5) 


0.53445 (5) 


0.27494 (4) 


0.04253 (17) 


Cll 


-0.14294 (10) 


0.18775 (9) 


0.15420 (7) 


0.0745 (3) 


C12 


0.02690 (10) 


0.68549 (9) 


0.38951 (6) 


0.0637 (3) 


C13 


-0.23923 (10) 


0.42014 (10) 


0.31861 (7) 


0.0759 (3) 


Sil 


0.68227 (11) 


0.86972 (10) 


0.48153 (7) 


0.0659 (3) 


Si2 


0.44356 (10) 


0.96451 (9) 


0.15117(7) 


0.0589 (3) 


Ol 


0.1325 (2) 


0.3496 (2) 


0.15419(15) 


0.0550 (6) 


02 


0.0119(2) 


0.45837 (19) 


0.25895 (14) 


0.0487 (6) 


CI 


0.2305 (3) 


0.3869 (3) 


0.3443 (2) 


0.0522 (9) 


C2 


0.1156(4) 


0.3543 (4) 


0.3693 (2) 


0.0618(11) 


C3 


0.0423 (4) 


0.2359 (4) 


0.3271 (3) 


0.0688 (12) 


C4 


0.1105 (4) 


0.1936 (3) 


0.2787 (3) 


0.0653 (11) 


C5 


0.2272 (4) 


0.2861 (3) 


0.2893 (2) 


0.0558 (9) 


C6 


0.3312(4) 


0.2789 (4) 


0.2507 (3) 


0.0720 (12) 


H6A 


0.3963 


0.2665 


0.2855 


0.108* 


H6B 


0.3702 


0.3498 


0.2407 


0.108* 


H6C 


0.2934 


0.2156 


0.2012 


0.108* 


C7 


0.0699 (5) 


0.0681 (3) 


0.2272 (4) 


0.0976 (18) 


H7A 


0.0913 


0.0251 


0.2601 


0.146* 


H7B 


0.1148 


0.0655 


0.1876 


0.146* 


H7C 


-0.0221 


0.0348 


0.2015 


0.146* 


C8 


-0.0843 (4) 


0.1661 (5) 


0.3372 (3) 


0.1008 (19) 


H8A 


-0.1519 


0.1366 


0.2876 


0.151* 


H8B 


-0.1056 


0.2144 


0.3772 


0.151* 


H8C 


-0.0762 


0.1027 


0.3532 


0.151* 


C9 


0.0840 (5) 


0.4291 (4) 


0.4330 (3) 


0.0777 (13) 
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CJ — Co — HoA 


1 nn £ 

iuy.5 


ri ro HOD 

CJ — Co — HoB 


1 nn ^ 

iuy.5 


UO A ro TTOD 

HoA — Co — HoB 


1 nn ^ 

iuy.5 


ri ro uor 
CJ — Co — HoC 


1 nn £ 

iuy.5 


UO A ro UQ P 

HoA — Co — HoC 


1 nn £ 

iuy.5 


I TOO ro 

HoB — Co — HoC 


1 nn £ 

iuy.5 


n rn un a 

cz — cy — HVA 


1 nn ^ 

iuy.5 


ro rn tjod 

cz — cy — HyB 


1 nn ^ 

iuy.5 


un a rn nun 

HyA — cy — HyB 


1 nn £ 

iuy.5 


ro rn unr 

cz — cy — Hyc 


1 nn £ 


un a rn unr 

HyA — cy — Hyc 


1 nn £ 

iuy.5 


I rno rn unr 

HyB — cy — Hyc 


1 nn ^ 

iuy.5 


n 1 pin Pic 
CI 1 — CIO — CI J 


11 l.o (i) 


pi 1 nn p 1 
CI 1 — C1U — CI 


1 ">n i \ 
12U.3 (5) 


n c nfi p 1 

C15 — CIO — CI 


122.0 (3) 


p 1 n n i pn 
C1U — CI 1 — Clz 


121.2 (3) 


p 1 n n i ui 1 
C1U — CI 1 — HI 1 


1 1 n /t 

ny.4 


n i n i ttii 
Clz — CI 1 — HI 1 


119.4 


Cll— C12— C13 


121.4 (3) 


Cll— C12— H12 


119.3 


C13— C12— H12 


119.3 


C14— C13— C12 


116.8(3) 


C14— C13— Sil 


120.1 (3) 



r">n c^ii un a 
C29 — C33 — H33A 


1 nn c 

ioy.3 


nn rn uno 
C2y — C33 — H33B 


1 nn c 

ioy.5 


H33A — C33 — H33B 


1 nn c 

ioy.5 


C2y — C33 — H33C 


1 nn c 

ioy.5 


H33A — C33 — H33C 


1 nn c 

ioy.5 


H33B — C33 — H33C 


1 nn c 

ioy.5 


nn nij a 
C30 — C34 — H34A 


1 nn c 

ioy.5 


C30 — C34 — H34B 


1 nn c 

ioy.5 


H34A — C34 H34B 


1 nn c 

ioy.5 


C30 — C34 — H34C 


1 nn c 

ioy.5 


H34A — C34 H34C 


1 nn c 

ioy.5 


H34B — C34 — H34C 


1 nn c 

ioy.5 


C31 — C35 — H35A 


1 nn c 

ioy.5 


ri 1 ric uicd 
C31 — C3D — H35B 


1 nn c 

ioy.5 


ui £ a ri C HI CO 

H3 5 A — C3 5 — H3 5B 


1 nn c 

ioy.5 


ri 1 ric uicr 
C31 — C35 — H35C 


1 nn c 

ioy.5 


ui c a ri C HI cp 

H35A — C35 — H35C 


1 nn c 

ioy.5 


ui co ric ui cr 
H35B — C35 — H3DC 


1 nn c 

ioy.5 


r/11 ri/: rn 
C41 — C3o — C3 / 


110.2 (3) 


r/t 1 ri/: r">"7 
C41 — C3o — C2/ 


1 1 o n 
llo./ (3) 


rn ri/: 

C3 / — C3o — C2 / 


123.1 (3) 


pit pn rio 
C3o — C3 / — C3o 


i ">n i f?\ 
120.1 (3) 


pi/r n"7 nn 
C3o — C3 / — H3 / 


1 1 Q Q 

i iy.y 


rio pn un 
C3o — C3 / — H3 / 


1 1 n n 

ny.y 


rio no rn 
C3y — C3o — C3 / 


IT) "7 //I \ 

122. / (4J 


rin rio uio 
C3y — C3o — H3o 


1 1 O £. 

llo.o 


pn rio ui o 
C3 / — C3o — H3o 


110/ 

llo.o 


rio rm r/tn 
C3o — C3y — C40 


1 1 £ C 

llo. 5 (3) 


no nn c^t 
C3o — C3y — ali 


in 1 \ 
122.1 (3) 


r/tn rm c;i 
C40 — C3y — ai2 


111 /i /"i\ 
121.4 (3) 


nn r/in r/i i 
C3y — C40 — C4 1 


1 1 1 c /I \ 

121.5 (3) 


nn r/in u/in 
C3y — C40 — H40 


1 1 n i 

ny.3 


r/t 1 r/in u/in 
C4 1 — C40 — H40 


1 1 n i 

ny.3 


pi/ r/11 r/in 
C3o — C41 — C40 


1 1 1 n 
121.0 (3) 


pit r/11 U/11 
C3o — C41 — H41 


1 1 n c 

iiy.5 


r/in r^ i U/i 1 
C40 — C4 1 — H4 1 


1 1 n c 

iiy.5 


c;t r/n u/ita 
512 — C42 — H42A 


1 nn c 

ioy.5 


c;i r/n udiD 
512 — C42 — H42B 


1 nn c 

ioy.5 


U/1TA r/i"> U/IIO 

H42A — C42 — H42B 


1 nn c 

ioy.5 


c;o r/io u/i">r 
Sl2 — C42 — H42C 


1 nn c 

ioy.5 


U/i "> a r/n U/nr 
H42A — C42 — H42C 


1 nn c 

ioy.5 


u/ito r/n U/i">r 
H42B — C42 — H42C 


1 nn c 

ioy.5 


c;i r/ii u/ii a 
512 — C43 — H43A 


1 nn c 

ioy.5 


Si2— C43— H43B 


109.5 


H43A— C43— H43B 


109.5 


Si2— C43— H43C 


109.5 


H43A— C43— H43C 


109.5 


H43B— C43— H43C 


109.5 


Si2— C44 H44A 


109.5 
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C12— C13— Sil 123.1 (3) Si2— C44— H44B 109.5 

C15— C14— C13 122.8(4) H44A— C44— H44B 109.5 

C15— C14— H14 118.6 Si2— C44— H44C 109.5 

C13— C14— H14 118.6 H44A— C44— H44C 109.5 

C14— C15— CIO 120.2(4) H44B— C44— H44C 109.5 
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